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Tax competition is a hot issue in policy debates within as well as among nation states.
It is often seen as a constraint on independent jurisdictions to raise revenue. This view is supported by a large body of theoretical literature that details the mechanisms and potential outcomes of tax competition (see, e.g., Wilson, 1999 for a review). Empirical studies often interpret positive spatial correlations in tax rates at the sub-national and international level as a supportive evidence for the "race-to-the-bottom" hypothesis, according to which tax competition is the cause of ever-falling corporate tax rates in the U.S. and in Europe.
Predictions from the theoretical literature are however less clear-cut than most empirical findings suggest. Standard tax competition models predict that, in an attempt to retain its mobile tax base, a jurisdiction will lower its tax rate when tax rates of neighboring jurisdictions fall. Tax reaction functions thus have a positive slope and tax rates are strategic complements. The underlying assumption behind these models is that tax revenues are the objective variable of governments, with expenditures adjusting through the government's budget constraint. Yet, Wildasin [1988] shows that, if governments instead optimize over expenditure levels with tax rates adjusting residually, tax reaction functions have a negative slope and tax rates are strategic substitutes. 1 In this setting, a jurisdiction that faces a decrease in its tax base through a more competitive environment increases its tax rate to maintain its current level of expenditure, even at the expense of an adverse effect on its tax base.
The possibility that tax rates could be strategic substitutes has been largely overlooked for years. Wildasin [1991] shows that governments choose taxes as their objective variable if jurisdictions are symmetric, but possibilities expand greatly in an asymmetric world.
In a recent contribution, Koethenbuerger [2011] relates this choice to the structure of federal transfers that incentivizes differently local jurisdictions. Yet, empirical evidence has so far pointed towards positively-sloped tax reaction functions (see, e.g., Allers and Elhorst, 2005 on local tax competition and Devereux et al., 2008 on international tax competition over corporate tax rates). Two studies to date have found negatively-sloped tax reaction functions. Rork [2003] finds that U.S. states decrease their personal income tax for any increase in neighboring states' tax rates. He interprets this result as evidence for no mobility of the tax base. Recently, Chirinko and Wilson [2011] find that tax reaction functions for corporate income taxes among U.S. states have a negative slope. They stress the importance to correctly take care of spatially correlated local shocks and to allow for a delay in states' responses.
Most empirical studies of tax competition apply spatial regression models. Identification of strategic interactions in these models is however plagued by the reflection problem (Manski, 1993; see Brueckner, 2003) . The main challenge consists in disentangling endogenous strategic interactions from unobserved and spatially correlated characteristics such as preferences, topographical features, or institutions. The standard estimation method is either to assume that the estimated equation fully describes the true data generating process and to use maximum likelihood methods, or to use an instrumental variable approach taking average characteristics of neighboring jurisdictions as instruments. As pointed out by Gibbons and Overman [2012] , these methods generally do not offer reliable identification of causal relations. The first approach assumes implausibly that the true data generating process in known. With the second method, instruments are likely to be invalid due to endogenous sorting of the population and non-random assignment of jurisdictions' characteristics. The key for identification is to isolate variations in the tax rate of competing jurisdictions that can be plausibly considered as exogenous. In panel data, the inclusion of jurisdiction and time fixed effects can control for time invariant characteristics and aggregate shocks but is nonetheless unlikely to uncover exogenous variations, especially since local shocks often are spatially correlated. This paper proposes to overcome these identification issues by making use of a multitier federal system. I take advantage of state borders to identify strategic personal income tax setting by local jurisdictions in Switzerland. State (canton) borders spatially bound the effects of state-level fiscal reforms across areas that are otherwise highly integrated. Fiscal reforms at the state level provide an exogenous source of variation in the tax rate levied at the local level (the municipalities). As long as individual municipalities do not significantly affect canton-level tax setting, cantonal tax rates offer a valid instrument for tax rates of jurisdictions located right on the other side of the state border. In contrast to what spatial correlations and results using standard instruments suggest, I find that tax reaction functions have a negative slope and hence that tax rates are strategic substitutes.
Decomposing this result according to the sign of the exogenous tax change suggests that tax rates are strategic complements only for large negative shocks.
Papers that are methodologically related to this study include Chirinko and Wilson [2008] , Rathelot and Sillard [2008] and Duranton et al. [2011] . These papers use state borders to identify the effect of local taxation on business location in the U.S., in France and in the UK, respectively. 2 They confirm the existence of a tax-induced mobility of the tax base, but they do not analyze strategic interactions among local jurisdictions. Agrawal [2011] explores the spatial pattern of local sales tax rates in the U.S. at state borders where state sales tax rates change discontinuously. His results suggest that local sales taxes are set as a function of the distance to state borders. 3 Eugster and Parchet [2011] use another border to identify strategic interactions among municipalities in Switzerland. Using a discrete and measurable discontinuity in voter preferences between the French-speaking and the German-speaking regions in Switzerland, they find that tax competition does constrain income taxation of municipalities at the language border. In contrast to this paper, their findings suggest that tax rates are strategic complements. 4
The paper proceeds as follows. Section 1 contains the relevant background information on taxation by municipalities and cantons in Switzerland. Section 2 details the identification of strategic interactions among municipalities located at a cantonal border. Section 3 presents the baseline results and shows that tax rates are strategic substitutes. Section 4 presents some robustness checks and provides evidence that tax rates are strategic complements only for large negative tax changes. Section 5 concludes.
2 Rathelot and Sillard [2008] , concerned by the effect that business decisions may have on local taxes, also use the sum of departement and region tax rates to instrument total tax rates at municipality level in France.
3 Also departing from estimating a spatial regression model, Lyytikäinen [2011] uses a fiscal reform in Finland that raised the minimum property tax rate affecting only a subset of municipalities to identify tax competition. He finds no evidence for strategic interactions whereas standard instrumental variables techniques indicate a strong and positive one. 4 I return on the different conclusions of these two papers in Section 5.
Setting
Switzerland is a highly decentralized country where the main political units are the 26 cantons and the 2,584 municipalities. The number of municipalities per canton ranges from three to a maximum of 384, and, in 2009 , the average population per municipality was approximately 3,000 with a maximum of about 386,600.
Personal income taxation
Cantons and municipalities enjoy a large fiscal autonomy. About 50% of cantonal and municipal revenue comes from their own taxes. At both levels, the personal income tax is the main fiscal instrument, accounting for 61% of tax revenue at the cantonal level and 68% at the municipal level. Corporate taxes account for 18% (16% for municipalities) and wealth taxes for 8% (9%) of revenues. Personal income taxes are residence based, whereas corporate taxes are source based (with formula appointment).
Cantons choose multiple aspects of their tax system. First, they set deductions and exemptions for the definition of the taxable income as well as a complete statutory tax schedule. Then, they fix annually a multiplier applied to the basic statutory tax rate, thus determining the amount due to the canton. Any change in the tax schedule implies a revision of the fiscal law and is ultimately submitted to a referendum. In contrast, cantonal multipliers are adapted each year by cantonal parliaments to the canton's fiscal needs.
Municipalities take the cantonal tax schedule as given and decide on a municipal tax multiplier that applies to the basic statutory tax rate. Municipal multipliers are fixed annually by municipal parliaments. In a majority of cantons, other entities such as parishes are also allowed to set their own tax multiplier, but these multipliers are in general very low.
The consolidated cantonal, municipal and church tax liability for a taxpayer living in municipality i in canton c can thus be decomposed as
where τ c is the basic statutory tax rate derived from the cantonal tax schedule; M c , M ic and M oc are multipliers applied by the canton, the municipality and churches, respectively. 5
If we abstract from church and other secondary local taxes, the consolidated tax liability can be divided into a cantonal tax rate
and a municipal tax rate
On average, cantonal and municipal taxes account for equal shares of the consolidated tax liability. 6 A convenient feature of this system for my purpose is that municipalities are restricted to a single instrument, their tax multiplier, such that all intra-cantonal variation in the consolidated personal income tax rate is due to municipal tax multipliers.
Cantonal borders
I concentrate on the consolidated municipal and cantonal tax rate for the personal income tax in municipalities close to a cantonal border. Figure 1 shows the 1,096 border municipalities in Switzerland, defined as having at least one neighbor within a road distance of a maximum of 10 kilometers that is located in another canton. All municipalities for which cantonal borders correspond to topographical particularities like the Alps in the South/South-East are thus not considered. Cantonal borders mostly do not coincide with language borders nor do they divide functional labor markets or other economic institutions. They do not deter mobility either. According to migration data, 30% of people arriving in or moving out border municipalities in my sample change their canton of residence (roughly two percent of the corresponding municipal population). Moreover, 15% of all employed individuals residing in these border municipalities commute daily to another canton, with an average commuting distance of 17 kilometers (Federal Population Census 5 This decomposition can easily be adapted to each particular cantonal systems. In the canton of Valais, for example, municipalities have a different, but common, tax schedule from the canton. In the canton of Uri, before the fiscal reform of 2009, municipalities fixed their own proportional income tax rate.
6 Important variations across cantons exist. The cantonal share of the consolidated tax liability ranges from 25% in the canton of Schwyz to 95% in the canton of Glarus. 
2000). 7
Table 1 compares population characteristics (nationality, age, income, education), economic activity (employment shares by sector, unemployment, tourist destination) and geographic features (urban area, area, altitude, lake shore) of border and non-border municipalities. It appears from column (3) that differences between the two samples are statistically significant for a majority of background variables. Yet these differences are economically small. Column (4) reports these differences in percentage deviation from their mean. The most important difference is found for the variable "tourist destination"
and reflect the location of most tourist resorts in the Alps. This is also explains the difference in altitude. Other differences are small and I do not expect my conclusions to be driven by special features of border municipalities selected in my sample. 7 This proportion rises to 33% when considering only individuals who work in different municipality from their municipality of residence.
8 Moreover, As table 2 shows, coefficients measuring spatial correlation in tax rates for all municipalities and for border municipalities are very similar. 
where T ic,t is the consolidated cantonal and municipal personal income tax rate levied in municipality i of canton c at time t, and T −i,t is the weighted average of neighboring municipalities' tax rate
where w ij are ex ante chosen weights. T −i,t is not restricted to municipalities within the same canton and may include municipalities across the canton border. 9 X is a vector of controls and β the corresponding vector of coefficients. γ i and δ c,t are municipality and canton-year fixed effects, respectively. α is the coefficient of interest designed to measure strategic interactions among municipalities. ε ic,t is a stochastic error term. As a baseline specification, I use uniform weights defined as Yet, these fixed effects do not capture all time-varying confounding factors that can lead to spurious correlations between T ic,t and T −i,t . This paper proposes to isolate exogenous variations of T −i,t through the effect of canton-level fiscal reforms of neighboring cantons on the consolidated tax rate of municipalities located in these cantons. To take into account any remaining correlations in the error term not captured by fixed effects, standard errors in all estimations are clustered by municipality and by year.
The instrument
Cantonal borders bound spatially the effects of canton-level fiscal policies across areas that are otherwise highly integrated. From expression (1), any change in the cantonal tax rate in one canton triggers a mechanical change in the consolidated municipal and cantonal tax rate of municipalities in the same canton. The tax rate of municipalities in other cantons will not be affected by such a change, unless municipalities interact strategically. Thus, the effect of tax reforms in one canton on the tax rate of municipalities in another canton identifies the existence and the nature of strategic interactions among municipalities. Furthermore, canton-level tax policies offer valid instruments for the average tax rate of neighboring jurisdictions T −i,t in equation (2). Figure 2 illustrates the setting. It represents a municipality i and its four neighbors across a cantonal border between two cantons, A and B. I shall instrument the average tax rate of municipalities 1 to 4, T 1−4,t by the cantonal tax rate of canton A, t A . The cantonyear fixed effect δ c,t in equation (2) implies that α is identified through the differential response of municipality i to changes in t A compared to other municipalities in B that share a border with canton other than A. This strategy allows me to control for confounding shocks that affect simultaneously all municipalities in the same canton, at the price of discarding from the identifying set all cantons that share a border with only one other canton. 11
To be a valid instrument, canton-level tax reforms have to be orthogonal to unobserved determinants of taxation of municipalities located on the other side of the cantonal border, that is t A has to be orthogonal to ε iB,t . This requires the absence of a formal link between two levels of governments located in different cantons, a condition which is satisfied in the Swiss setting. A second condition is that canton-level fiscal reforms in A should not be driven by a shock that also affects municipality i and its neighbors. Canton-year fixed effects capture all shocks affecting simultaneously and identically all municipalities in one canton, and hence control for (correlated) shocks affecting two or more cantons. Concerns arise if cantons substitute for fiscal decisions of municipalities located at one particular cantonal border, that is, e.g., if canton A responds to a shock that affects municipalities 1, 2 and i. Yet, as canton-level fiscal decisions apply equally to all municipalities in that canton, it is unlikely that cantons adopt fiscal policies in response to the situation of some border municipalities, provided the population living in these municipalities amounts to a sufficiently small share of the cantonal population. 12 In terms of Figure 2 , the exogeneity assumption requires that the capital city of canton A be located "far away" from municipalities 1 and 2, such that their fiscal decisions are independent. Note also that fiscal decisions driven by common shocks are likely to be positively correlated, thus biasing my estimates of α upward.
A second key element of an instrumental variable (IV) strategy is its "first stage".
Canton-level fiscal reforms should imply economically and statistically significant variations of T −i,t . If this condition were not satisfied, the instrument would be "weak" and α would be imprecisely measured and too high (in absolute value). This paper analyzes 28 years of cantonal and municipal personal income taxation showing important variations of the cantonal tax rate, both between cantons and over time (see Appendix Figure   A .1). The effect of these canton-level tax reforms on T −i,t depends first on the reaction of municipalities located in the same canton that initiated the reform (canton A). Brülhart and Jametti [2006] show that vertical interactions between municipalities and cantons play a significant role in the determination of local tax rates in Switzerland. These (within-canton) vertical interactions are even more likely to arise at cantonal borders, where the common tax base may presumably easily relocate to and from another canton. The net effect of tax reforms at the canton level on the consolidated tax rate of municipalities in the same canton cannot be predicted, since the sign of vertical interactions is ambiguous [Keen and Kotsogiannis, 2002] . Nevertheless, the identification strategy of this paper requires no prior on this sign. All I need is that municipalities (1 and 2) do not completely offset changes in the cantonal tax rate (t A ). This can be tested by a first-stage F-test on the instrument.
Second, the first-stage estimation depends on the reaction of municipalities located on the other side of the cantonal border (municipalities 3 and 4). This reaction is likely to vary with the distance to the cantonal border. w ij can pick up municipalities that are further away from the border than i, thus reacting potentially less to changes in t A .
The sign of the tax reaction function also matters. If tax rates are strategic substitutes, municipalities 3 and 4 will decrease their tax rates to any increase in T 1A and T 2A that follows an increase in t A . Thus, the average tax rate of municipalities 1 to 4 may not vary, even if strategic interactions are strong.
Overall, the total effect of canton-level fiscal reforms on T −i,t depends crucially on the share of neighboring municipalities directly affected by these reforms. I follow the strategy used in the peer-effects literature and multiply the instrument by the share of neighboring municipalities located in another canton than the canton of municipality i (see Moffit, 2001; Lalive and Cattaneo, 2009 ). This strategy recognizes the fact that tax reforms in neighboring cantons will affect municipalities on the other side of the cantonal border only if they affect the tax rate of a sufficient number of competing municipalities. (2) Note: Municipalities have at least one neighboring municipality within a road distance of 10 kilometers that is located in another canton 3 Results
Data
My variable of interest is the consolidated cantonal and municipal personal income tax rate at the municipal level between 1983 and 2010. 13 Consolidated tax rates at the municipal level are published by the Swiss Federal Tax Administration for the 813 largest municipalities (646 in 1983). These tax rates are defined as shares of the consolidated cantonal, municipal and church tax liability in gross annual income for different categories of taxpayers (unmarried, married without children, married with two children, retired) and income classes (from CHF 10,000 to CHF 1,000,000).
I expand these data to all municipalities in Switzerland by using the fact that intracantonal differences in consolidated tax rates are almost entirely due to municipal tax multipliers. I collected the municipal tax multipliers M ic for all municipalities between 1983 and 2010. The different components of T ic in expression (1) can be accurately extrapolated from a linear regression of T ic on a constant and M ic over those municipalities 13 There were 2,584 municipalities in Switzerland in 2010. The canton of Basel-Stadt (3 municipalities) is dropped because its tax system plausibly violates the exclusion restriction required by the identification strategy of this paper. The district of Laufen (13 municipalities) and one municipality in the canton of Jura are dropped because they changed canton during the sample period. If municipalities merge, the average value of previous jurisdictions is reported for the new jurisdiction according to the list of municipalities as of December 31, 2010. If municipalities split, the average value of the new jurisdictions is reported for the previous jurisdictions. This is the case for six existing municipalities that are not included in the dataset.
for which I know T ic . I performed separate regression for each canton, year, and type of taxpayer. Consolidated tax rates for the remaining municipalities are then inferred using only their tax multiplier. 14 The advantage of this method is that the constant in such regressions offers a convenient measure of t c as any change in M c or τ c will be reflected in it. The quality of these predictions can be checked for 2010, as, for that year, consolidated tax rates are published The control vector X in equation (2) contains municipality characteristics including population, the percentage of foreigners, the percentage of young and old people, and the percentage of employees in the primary, the secondary and the tertiary sectors. These are census data available for 1980, 1990 and 2000 . Average values of these variables for neighboring municipalities are also included in X. Spatial weights are identical to those applied to tax rates. Other municipality characteristics listed in Table 1 show no or very little variation over time. They are captured by municipality fixed effects and thus are not included.
14 Some data are available since 1970 but only 244 municipalities were listed in the sample of the Swiss Federal Tax Administration, resulting in a weaker quality of predictions. Section 4.1 provides results using data from 1970 to 2010 for a subset of cantons.
15 In the cantons of Vaud and Luzern, a maximum tax rate produces a kink in linear regressions. Values of the kink are inferred directly from the data.
16 Church tax multipliers are not available for all years and their jurisdictional borders sometimes do not coincide with municipal borders.
17 This is also the case for the canton of Appenzell Innerrhoden for which municipal tax multipliers are not available before 2001.
Baseline results
In the subsequent analysis, the dependent variable is the consolidated tax rate for an unmarried taxpayer with a gross annual income of CHF 1,000,000. This is the top income listed in official statistics and refers presumably to the most mobile tax base. 18 Results for other categories of taxpayers are presented in Section 4.1. Table 2 presents results based on equation (2) using the standard approach in the literature. In column (1), the variable of main interest is the average tax rate of all neighboring municipalities within a road distance up to 10 kilometers, irrespective of the canton they belong to. In column (2), I consider only municipalities that have at least one neighbor located in another canton. These two columns are estimated by ordinary least squares. OLS estimates are however not consistent as the tax rate of neighboring municipalities is endogenous, biasing the estimates upward (Brueckner, 2003) . Column (3) follows the state-of-the-art approach in spatial econometrics and instruments the tax rate of neighboring municipalities with the average background characteristics of these jurisdictions. It thus assumes that background characteristics of neighboring jurisdictions are orthogonal to unobserved determinants of taxation of municipality i.
All three columns show positive and statistically significant spatial correlations in tax rates. The first two columns show no difference between border and non-border municipalities, and coefficients are comparable to those found in previous studies. The instrumental variable strategy presented in column (3) does not qualitatively change compared to OLS.
The coefficient is even larger. This is probably due to a weak instrument problem, as suggested by a first-stage F-test, reported at the bottom the column, that is below the critical value of Stock and Yogo [2002] .
These results are typical for the empirical tax competition literature. The positive and statistically significant coefficient is interpreted as evidence for the existence of tax competition that takes the form of a race to the bottom. Yet, it is hard to be convinced that instruments commonly used in the literature are truly exogenous as background Note: Standard errors in parentheses. * * * p<0.01, * * p<0.05, * p<0.10. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. Neighboring municipalities are municipalities within a maximum road distance of 10 kilometers (D ≤ 10 km). Border municipalities have at least one neighboring municipality located in another canton. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Average values of neighboring municipalities are also included as controls. Spatial weights are uniform. All estimations include municipality and canton-year fixed effects. Instruments in column (3) are average value of controls in neighboring municipalities. Standard errors are clustered by municipality and by year.
characteristics of neighboring municipalities are likely to be affected by spatially correlated shocks that also affect the taxation decision of municipality i. Table 3 presents results of the novel instrumental variable strategy proposed in this paper. Cantonal tax rates of neighboring cantons (t −c,t ), multiplied by the share of municipalities located in these cantons (S ic ), are used to instrument the average tax rate of neighboring municipalities for border municipalities within a road distance up to 10 kilometers from the cantonal border. The first column reports the IV estimate. The second and third columns decompose the IV estimates between the effect of the respective instrument on the tax rate of municipality i ("reduced-form") and on the endogenous average tax rate of neighboring municipalities ("first-stage"), respectively.
The baseline result of this paper is shown in the first column. 19 The IV estimate indicates that a 10 percentage point increase in the average tax rate of neighboring municipalities leads a municipality to decrease its tax rate by 3 percentage points. 20 The coefficient may appear somewhat weak as it statistically significant only at a level of 10%.
However, the reduced-form coefficient presented in column (2) is statistically significant at a more conventional level, and thus confirms the existence and the nature of strategic 19 The full set of estimated parameters are reported in Appendix Table A.1. 20 The average value of the dependent variable, the consolidated cantonal and municipal tax rate for an unmarried taxpayer with a gross annual income of CHF 1,000,000 is 25.3%. Note: Standard errors in parentheses. * * * p<0.01, * * p<0.05, * p<0.10. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. Neighboring municipalities are municipalities within a maximum road distance of 10 kilometers (D ≤ 10 km). Municipalities have at least one neighboring municipality located in another canton. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Average values of neighboring municipalities are also included as controls. Spatial weights are uniform. All estimations include municipality and canton-year fixed effects. Standard errors are clustered by municipality and by year.
interactions. The first-stage coefficient is statistically significant and the F-test is well above the critical value. 21
The properly identified results presented in Table 3 contrast with those presented in Table 2 and lead to the opposite conclusion on the nature of the strategic tax setting among neighboring municipalities. Tax reaction functions are found to have a negative slope and tax rates are thus strategic substitutes rather than strategic complements. Hence, positive spatial correlations found in Table 2 seem to reflect simultaneous changes in tax rates due to common shocks or correlated changes in local conditions instead of strategic decisions. It also suggests that instrumenting the average tax rate of neighboring municipalities by the characteristics of these municipalities does not provide the exogenous source of variation required for a proper identification.
A pairwise approach
An alternative, and potentially even more rigorous strategy is to estimate a pairwise model. Under this approach, equation (2) is estimated for all pairs of border municipalities that are located in different cantons. It is thus redefined as:
21 Multiplying the cantonal tax rate of neighboring cantons by the share of municipalities located in these cantons turns out to be crucial for the relevance of the first-stage estimation. Without this multiplication, the first-stage coefficient is null and the F-test is far below the critical value. Results available upon request. Note: Standard errors in parentheses. * * * p<0.01, * * p<0.05, * p<0.10. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. The sample contains all pairs of municipalities located in two different cantons and within a maximum road distance of 10 kilometers. Each pair appears (at least) twice. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Values of the paired municipality are also included as controls. All estimations include pair and canton-year fixed effects. Standard errors are clustered by pair and by year.
where T −ic,t is the tax rate of a neighboring municipality located in another canton and within a road distance of 10 kilometers, and γ p is a pair fixed effect. Each pair appears twice, with a given municipality being once on the left-hand side and once on the righthand side of the equation. The tax rate of the municipality on the right-hand side of the equation is instrumented by the cantonal tax rate of the canton the municipality belongs to. Identification relies specifically on cross-border strategic interactions and discards from the analysis the reaction of municipality i to how municipalities located in the same canton and sharing the same cantonal border themselves react to a tax change in the neighboring canton. If tax rates are strategic substitutes, the municipality i decreases its tax rate for any increase in the tax rate of a competing municipalities on the other side of the cantonal border. But it decreases less if other municipalities in the same canton also decrease their tax rate. The pairwise approach does not control for these "feedback" effects. Thus, the estimate of strategic interactions should be higher (closer to zero if taxes are strategic substitutes) provided these effects have the same sign as cross-border interactions. Table 4 presents results for the 6,050 municipality pairs based on a maximum road distance of 10 kilometers. These estimates confirm the existence and the nature of strategic interactions among municipalities where taxes are strategic substitutes. Column (2) shows that the first-stage coefficient is statistically significant and higher than the coefficient presented in Table 3 . Conversely, the IV estimate is lower (in absolute value) than the estimate in Table 3 .
These two approaches can be seen as two bounds for the estimation of the magnitude of strategic interactions: a 10 percentage points increase in the tax rate of the reference group leads to a decrease in tax rate between 2.6 and 3 percentage points.
4 Robustness checks and extensions
Robustness
The validity of my identification strategy depends crucially on the exogeneity of the instrument. Canton-level fiscal reforms have to be orthogonal to unobserved determinants of taxation of municipalities located on the other side of the cantonal border. Concerns arise mainly if cantons substitute for fiscal decisions of some municipalities located at a cantonal border and facing a common shock with municipalities located on the other side of the border. This could be an issue especially in small cantons where a high share of the cantonal population live in border municipalities. Table 5 presents results of the IV strategy for a subset of "big" cantons. The share of the cantonal population living in border municipalities is computed for each canton pair. In column (1), cantons in which 50% or more of the cantonal population reside in municipalities located at one particular cantonal border are dropped. In column (2), the maximum population share is raised to 70%. This excludes from the analysis six cantons in column (1) and four cantons in column (2). 22 All municipalities sharing a border with these cantons are also discarded.
The first line in Table 5 reports IV estimates while the second reports reduced-form estimates. The IV coefficient is negative and statistically significant at the 10%-level in column (1) and negative but not statistically significant in column (2). Both reduced-form coefficients are negative and statistically significant. Point estimates of the IV and the reduced form are higher (in absolute value) in column (1) than baseline results presented (1), in which 50% of the cantonal population lives in municipalities located at one particular cantonal border are dropped. In column (2), only cantons in which 70% of their population live in municipalities at one particular border are dropped. In column (2), Appenzell Innerrhoden, Appenzell Ausserrhoden, Basel-Landschaft, Schaffhausen are dropped. In column (1), Zoug and Solothurn are also dropped. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. The instrument is the cantonal tax rate of neighboring cantons multiplied by the share of neighboring municipalities located in these cantons. Neighboring municipalities are municipalities within a maximum road distance of 10 kilometers (D ≤ 10 km). Municipalities have at least one neighboring municipality located in another canton. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Average values of neighboring municipalities are also included as controls. Spatial weights are uniform. All estimations include municipality and canton-year fixed effects. Standard errors are clustered by municipality and by year.
in table 3 and slightly lower in column (2). Overall results are similar to baseline results and suggest that small cantons do not drive the interpretation.
In Table 6 , I explore alternative specifications of spatial weights w ij . Column (1) repeats for convenience the baseline result of Table 3 . Column (2) follows the assumption that interactions are stronger the closer municipalities are in terms of road distance. Thus, inverse-distance weights are defined as
Spatial weights in column (3) are defined according to relative population. If big municipalities act as "leader", more weight should given to neighboring municipalities that are bigger in terms of population: Note: Standard errors in parentheses. * * * p<0.01, * * p<0.05, * p<0.10. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. In column (1), the instrument is the cantonal tax rate of neighboring cantons multiplied by the share of neighboring municipalities located in these cantons. In columns (2) and (3), the cantonal tax rate is multiplied by the share of total distance, respectively population, represented by municipalities in neighboring cantons. In column (4), the instrument is the lowest cantonal tax rate among neighboring cantons. Neighboring municipalities are municipalities within a maximum road distance of 10 kilometers (D ≤ 10 km). Municipalities have at least one neighboring municipality located in another canton. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Average values of neighboring municipalities are also included as controls. Spatial weights are uniform. All estimations include municipality and canton-year fixed effects. Standard errors are clustered by municipality and by year.
A last specification assumes that jurisdictions react not to the average tax rate of neighboring municipalities but to the lowest tax rate:
In columns (2) and (3), newly defined average tax rates of neighboring municipalities are instrumented with the cantonal tax rate of neighboring cantons, multiplied the share of the total distance, respectively population, represented by municipalities in these cantons.
In column (4), the instrument is the minimum cantonal tax rate of neighboring cantons.
The estimates suggest that strategic interactions are more intense among municipalities that are geographically close. Both IV and reduced-form estimates are higher (in absolute value) in column (2) than the baseline of column (1). Coefficients are however not statis-tically significant in column (3), where large municipalities are assumed to be dominant players. The sign of strategic interactions is nevertheless still negative and both IV and reduced-form coefficients are only slightly lower (in absolute value) than in the baseline.
In the last column, municipalities are found to react to the lowest tax rate among their neighboring municipalities. The first-stage F-test however indicates that instruments are rather weak leading to an upward biased (in absolute value) and more imprecise IV estimate. The weak instrument problem in this case arises because the lowest consolidated tax rate is not necessarily found in the neighboring canton with the lowest cantonal tax rate.
So far, my dependent variable has been the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. Table 7 presents results for unmarried taxpayers, married taxpayers with two children, married taxpayers without children, each with a gross annual income of CHF 50,000, 100,000, 500,000 and 1,000,000. 23 In addition, the last three columns present results for unmarried taxpayers with a gross annual income of CHF 50,000, CHF 100,000
and CHF 500,000 over a longer time span . 24 I find that strategic interactions are indeed identified for high-income unmarried taxpayers but not for other income classes. IV estimates are negative for all categories (except one) but statistically significant only for taxpayers with a gross income of CHF 1,000,000, as well as for unmarried taxpayers with a gross annual income of CHF 500,000. This suggests that municipalities react to changes in the cantonal tax schedule that affect topincome taxpayers but not to changes affecting other income classes. IV estimates for taxpayers in the income class of CHF 1,000,000 are higher (in absolute value) for unmarried taxpayers, who presumably are more mobile, than for married taxpayers with two children, and married taxpayers without children.
23 A gross annual income of CHF 50,000 corresponds approximately to the median income over the period 1983-2010. A gross annual income of CHF 100,000 corresponds to the top 10%, a gross annual income of CHF 500,000 to the top 0.5% and a gross annual income of CHF 1,000,000 to the top 0.1%.
24 As noted in Section 3.1, data quality for the period 1970-1982 is lower because of the small number of municipalities listed in the official statistics and used to infer cantonal and consolidated tax rates for all municipalities. Therefore, only cantons for which at least 5% of their municipalities are listed in official statistics are included in columns (13) to (15). For the period 1983-2010 used in baseline results, all cantons satisfy this condition. .10. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. The instrument is the cantonal tax rate of neighboring cantons multiplied by the share of neighboring municipalities located in these cantons. Neighboring municipalities are municipalities within a maximum road distance of 10 kilometers (D ≤ 10 km). Municipalities have at least one neighboring municipality located in another canton. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Average values of neighboring municipalities are also included as controls. Spatial weights are uniform. All estimations include municipality and canton-year fixed effects. Implied long-run coefficients are computed as the sum of coefficients on the respective variable, divided by one minus the sum of coefficients on the lagged dependent variable in columns (1) and (2). Standard errors are clustered by municipality and by year.
The analysis modelled by equation (2) concentrates on contemporaneous reactions to changes in the average tax rate of neighboring municipalities. This may not capture the full effect of strategic interactions if municipalities respond with a delay. Table 8 presents therefore results for two dynamic versions of equation (2). Columns (1) and (2) show the estimation of an autoregressive distributed lag (ADL) model with one and two lags respectively. ADL models augment equation (2) by including the lagged dependent variable and lagged independent variables on the right-hand side. These models nest the most widely used dynamic processes but cannot be consistently estimated by fixed-effects OLS estimators. 25 Columns (3) to (7) report distributed lag models up to five lags.
These models do not include the lagged dependent variable and thus can be consistently estimated. Note that the autoregressive model in column (1) is nested in a distributed lag model with an infinite number of lags.
Implied long-run IV coefficients are computed as the sum of coefficients on the tax rate of neighboring municipalities, divided by one minus the sum of coefficients on the lagged dependent variable for autoregressive distributed lag models in columns (1) and (2). Long-run reduced-form coefficients are computed analogously. They are reported at the bottom of Table 8 together with their associated statistical significance levels. Baseline results are confirmed. Long-run coefficients are always negative and larger (in absolute value) than the baseline. They are statistically significant at conventional levels for the distributed lag model but not for the autoregressive model that is less precisely estimated. Table 9 explores the spatial reach of strategic interactions, that is the distance up to which municipalities interact strategically in their tax setting. Columns (1) to (4) show how municipalities located at different distances from a cantonal border react to changes in the cantonal tax rate of neighboring cantons. For this analysis, the cantonal tax rate of neighboring cantons is not multiplied by the share of municipalities located in these cantons. Panels A to D present the associated maximum road distance D used to select neighboring cantons in the four distance bandwidths.
The spatial reach of strategic interactions
Results suggest that municipal tax decisions interact more the closer the municipalities are located to the cantonal border. The effect is the highest (in absolute value) between 0 and 5 kilometers from the border, decreases rapidly between 5 and 10 kilometers, and increases again between 10 and 15 kilometers. Note that this pattern is consistent with tax rates being strategic substitutes. Municipalities between 15 and 20 kilometers do not react to fiscal reforms of neighboring cantons suggesting that strategic interactions are bound spatially. The spatial reach of strategic interactions can thus be estimated to be of some 15 kilometers. 26 Note: Standard errors in parentheses. * * * p<0.01, * * p<0.05, * p<0.10. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. Neighboring cantons are selected such that at least on neighboring municipality is located in these cantons. Neighboring municipalities are municipalities within a maximum road distance of 5, 10, 15, and 20, respectively. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Average values of neighboring municipalities are also included as controls. Spatial weights are uniform. All estimations include municipality and canton-year fixed effects. Standard errors are clustered by municipality and by year.
Heterogeneity of strategic interactions
In Table 10 , I investigate the strategic substitutability of tax rates in relation to two main dimensions. Columns (1) to (4) explore whether municipalities react differently to a positive and a negative change in the tax rate of neighboring cantons. Any increase (decrease) in the cantonal tax rate of neighboring cantons, and thus in the average tax rate of municipalities located in these cantons, implies a positive (negative) revenue shock for municipalities located on the other side of the cantonal border. Columns (2) and (3) present results for negative, respectively positive changes, while columns (1) and (4) concentrates on the 25% most negative (positive) changes.
Results show that municipalities react differently to positive and negative tax rate changes by neighbors. According to column (3), municipalities decrease their tax rate if competing municipalities increase their tax rate . 27 Results in column (1) and (2) show that municipalities on average do not react to negative shocks, except for large ones. In-27 Small and statistically insignificant coefficients in column (4) may be due to the small sample size. with a high share of top 10% income taxpayers tend to be big municipalities located in urban areas and/or enjoying attracting amenities, in this case a lake shore. Negative and statistically significant coefficients are found only in columns (7) and (8), suggesting that strategic interactions exist among municipalities with a high share of rich residents, presumably the most mobile ones.
Concluding discussion
I propose a novel method for identifying strategic interactions among local tax policies.
Using exogenous variations in the tax rate of Swiss municipalities due to canton-level tax reforms, I can identify strategic interactions among municipalities across a cantonal border. In contrast to most of the existing findings, my results indicate that municipal tax reaction functions mostly have a negative slope, and that taxes rates are therefore strategic substitutes. This is consistent with a model of local tax setting where governments primarily target expenditure and adjust their tax rate residually, even at the expense of an adverse effect on the tax base. Chirinko and Wilson [2011] provides similar evidence for corporate income tax competition among U.S. states. Interestingly, Koethenbuerger [2011] notes that the fiscal capacity equalization scheme subsidizing local taxation in Switzerland, together with municipal tax rates being adjusted annually, should provide an incentive for municipalities to adjust their taxes residually while keeping their expenditure fixed.
My result contrasts in particular with the findings of Eugster and Parchet [2011] who identify the existence of tax competition among Swiss municipalities through a discrete and measurable change in preferences for publicly provided goods at the language border between the French-speaking and the German-speaking regions. They show that Frenchspeaking municipalities have stronger revealed preferences for publicly provided goods, but are constrained in their tax setting when they compete at the language border with low-tax, low-preference German-speaking municipalities. This identifies the existence of strategic interactions among Swiss municipalities and is consistent with a model where local governments primarily target tax revenues and lower their tax rates to retain mobile (lucrative) taxpayers.
Through their setting, Eugster and Parchet [2011] identify equilibrium outcomes of tax competition, and hence long-run strategic interactions among municipalities. By contrast, strategic interactions in this paper are identified by canton-level fiscal reforms and thus short-term responses to exogenous change in tax rates of neighboring municipalities. 28
Results of the dynamic specification suggest that tax rates are strategic substitutes even in the medium/long-run. However, this paper also shows the existence of a differential response of municipalities to negative and positive tax changes.
The hypothesis that emerges is that municipalities have their expenditure fixed and they adjust residually their tax rates for small revenue shocks. even this affects negatively their tax base. This reflects probably the most common situation since, in the short run, tax rates can be more easily adjusted than public spendings. However, municipalities engage in tax competition if they face large negative shocks. In this paper, these shocks are the tax cuts that occur in some cantons, while in Eugster and Parchet [2011] they are the preference differential at the language border (about 25% of their preference measure).
This suggests the existence of a threshold for negative revenue shocks above which local governments primarily target the preservation of their tax base. Further research might integrate this hypothesis in the explanation of the decision by local governments of their public policy.
A Appendix Figure A .1: Evolution of the cantonal personal income tax rate for an unmarried taxpayer with gross annual income of CHF 1,000,000
Note: The cantonal tax rate is computed using the methodology described in Section 3.1. For full canton names, see Table ? ?. Note: Standard errors in parentheses. * * * p<0.01, * * p<0.05, * p<0.10. The dependent variable is the consolidated cantonal and municipal tax rate on personal income for an unmarried taxpayer with a gross annual income of CHF 1,000,000. Neighboring municipalities are municipalities within a maximum road distance of 10 kilometers (D ≤ 10 km). Municipalities have at least one neighboring municipality located in another canton. All estimations include population, % of foreigners, % of young and old people, % of employees in the primary, secondary and tertiary sectors as controls. Average values of neighboring municipalities are also included as controls. Spatial weights are uniform. All estimations include municipality and canton-year fixed effects. Standard errors are clustered by municipality and by year.
